SKP-ing TAp63: Stem Cell Depletion, Senescence, and Premature Aging  by Beaudry, Veronica G. & Attardi, Laura D.
Cell Stem Cell
PreviewsSKP-ing TAp63: Stem Cell Depletion,
Senescence, and Premature Aging
Veronica G. Beaudry1 and Laura D. Attardi1,2,*
1Department of Radiation Oncology
2Department of Genetics
Stanford University School of Medicine, Stanford, CA 94305, USA
*Correspondence: attardi@stanford.edu
DOI 10.1016/j.stem.2009.06.015
The p53 familymember p63 comprisesmultiple isoforms and is critical for stratified epithelial development. In
this issue ofCell Stem Cell, by generating isoform-specific knockout mice, Su et al. (2009) reveal pivotal roles
for TAp63 in the maintenance of dermal and epidermal precursors, genomic stability, and organismal
longevity.Some 12 years ago, the world of the
p53 tumor suppressor became suddenly
more complex with the discovery of the
related transcription factors p63 and p73.
Adding to this complexity was the finding
that these family members each encode
multiple isoforms. The isoforms come in
two major flavors, generated by differen-
tial promoter usage: those containing
a potent amino-terminal transactivation
domain—the TA isoforms—and those
lacking that region—the so-called DN iso-
forms (Figure 1). Although it was originally
posited that TAp63 transactivates target
genes and that DNp63 acts through
dominant-negative antagonism of TAp63,
more recent studies have indicated that
both variants can serve as transactivators
of both commonanddistinct target genes.
To elucidate the functions of all p63 or p73
isoforms, knockout mice targeting their
DNA-binding domains were generated,
and these studies revealed critical roles
for both family members in development
(see Flores et al., 2005 and references
therein). The p63 knockout phenotype
was particularly striking, with immediate
postnatal lethality accompanied by an
absence of limbs, skin, and other ecto-
dermal derivatives as a result of a failure
in stratified epithelial development (Yang
et al., 1999; Mills et al., 1999). Instead of
a properly stratified epidermis, neonates
were covered by a primitive ectoderm-
like monolayer and succumbed to dehy-
dration after birth. These phenotypes
were attributed to a role for p63 in either
promoting the proliferation of progenitor
cellsor directingdifferentiationof stratified
epithelia. Subsequent studies of p63+/
mice, as well as mice with conditional p63deletion in stratified epithelia, also uncov-
ered a function for p63 in adult tissues,
as these mice manifested decreased
longevity associated with characteristics
of accelerated aging, including skin
lesions and alopecia (Flores et al., 2005;
Keyes et al., 2005). Despite p63’s clear
physiological importance, however, the
individual contributions of TAp63 and
DNp63 to p63 function remained obscure.
Additional studies aiming to unravel
the functions of the different isoforms
demonstrated that DNp63 is predominant
in stratified epithelia, with only vanishingly
low levels of TAp63 being present. DNp63
is highly expressed in the basal layer of
the epidermis, where progenitors reside,
and is essential for the proliferative
capacity and proper differentiation of
these cells (Lee and Kimelman, 2002;
Truong et al., 2006). Notably, its inactiva-
tion in knockdown experiments effectively
phenocopies p63 knockout phenotypes
in the epidermis, suggesting that DNp63
is the principal player in epidermal devel-
opment. In contrast, transient knockdown
experiments indicate that TAp63 merely
plays a minor collaborative role in the
differentiation of the uppermost layers
of the epidermis (Truong et al., 2006).
However, only by using themost unequiv-
ocal of strategies—the generation of
knockout mice selectively lacking the
TA isoforms of p63—could Flores and
colleagues definitively delineate a role
for TAp63 in epithelial integrity (Su et al.,
2009). In so doing, in this issue, Su et al.
illuminate the vital contribution of TAp63
to tissue homeostasis.
Su et al. discover first that epidermal
development does occur in TAp63/Cell Stemice, indicating that TAp63 is indeed
dispensable for the genesis of the skin,
a notion consistent with previous data
establishing the crucial role of DNp63 in
this process. However, they find that
with time, the integrity of the skin, along
with associated hair follicles, is disrupted.
The TAp63/mice display a reduced life-
span accompanied by features of prema-
ture aging, including severe ulcerations,
kyphosis, hair loss, and impaired wound
healing. They hypothesized that these
age-related defectsmight reflect the aber-
rant maintenance of adult tissue stem/
progenitor cells and determine, intrigu-
ingly, that TAp63 is expressed not only
in epidermal cells, but also in the dermal
sheath and dermal papilla, niches for
dermal precursor cells known as SKPs
(SKin-derived Precursors) (Fernandes
et al., 2004; Su et al., 2009). Lack of
TAp63 in the stem cells of these compart-
ments, as well as in the bulge—the niche
for epidermal stem cells—results in
Senescence-Associated-b-gal positivity,
signifying a terminal growth-arrest res-
ponse known as cellular senescence.
This senescence response is associated
with hair loss and is also observed in aging
wild-type mice. Furthermore, cultured
SKPs (isolated from dorsal and whisker
pad skin) and epidermal cells bereft of
TAp63 undergo senescence as well as
exhibiting DNA damage and dramatic
genetic instability. Hence, TAp63 is critical
formaintainingbothepidermal anddermal
precursor cells in a healthy, functional
state with intact genomes.
Interestingly, usingaK14-Cre transgene
to conditionally ablate TAp63 expression
in epidermal precursors is not sufficientm Cell 5, July 2, 2009 ª2009 Elsevier Inc. 1
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knockout phenotypes of impaired
proliferation and defective wound
healing, bolstering the notion that
TAp63 activity in SKPs is fundamental
for epidermal homeostasis. This idea
is consistent with the known role for
SKPs in dermal maintenance, hair
follicle morphogenesis, and wound
healing. In the future, it would be
worthwhile to ablate TAp63 specifi-
cally in SKPs and to determine the
extent to which the phenotypes of
the TAp63/ mice are mimicked, to
distinguish which TAp63 functions
are cell-autonomous and which rely
on crosstalk between the epidermal
and dermal compartments.
What remains to be elaborated
is exactly how TAp63 promotes
precursor cell maintenance. Su et al.
observe that cultured TAp63/
SKPs undergo enhanced proliferation
before succumbing to senescence.
This proliferative burst could reflect
a direct role for TAp63 in restricting
SKP self-renewal. Without TAp63,
either the elevated proliferation could
directly engender depletion of SKPs
or, alternatively, allow sufficient cell
division to permit the accrual of DNA
damage, which could trigger a senes-
cence program. The related p53
tumor suppressor is renowned for
its role in responses to a plethora
of cellular stresses, including DNA
damage. The studies by Su et al.
suggest that TAp63 might act in a
similar capacity, as they observe that
TAp63 protein is induced in the context of
certain stress signals, including wounding
and passaging in culture. It would not be
a stretch to envisage that TAp63 could
also act as a sentinel of DNA damage,
acting either to promote DNA repair or to
eliminate damaged cells, and without
which, cells could accrue double-strand
breaks with consequent genome destabi-
lization. Indeed, this notion is in keeping
with the finding that TAp63 is robustly
expressed in oocytes, where it protects
the female germline by culling cells that
sustain DNA damage (Suh et al., 2006).
Thus TAp63, like its famous sibling p53,
appears also to be a ‘‘guardian of the
genome.’’ Given the rampant genomic
instability exhibited by the TAp63-defi-
cient precursor cells, it will be interest-
ing in future to determine whether the
TAp63/ mice develop cancer. Should
any TAp63-deficient cells escape from
senescence, they should readily fuel
tumor development.
This study also provides general insight
into organismal aging. By identifying
TAp63 as a key contributor to stem/
progenitor cellmaintenanceand longevity,
these findings reinforce the concept that
exhaustion of adult tissue stem cells
leads to a failure of tissue regenera-
tion and consequent premature aging
(reviewed in Sharpless and DePinho,
2007). Moreover, these studies may
help clarify the controversial role of
p53 in mammalian aging. p53 trunca-
tion mutants have been shown to
provoke premature aging, while over-
expressed wild-type p53 does not.
Selective perturbation of TAp63 func-
tion in precursor cells by p53 mutants
could potentially provide an explana-
tion for this unresolved issue. Further
exploration of the interplay between
p63 and p53 will ultimately provide
a deeper understanding of themecha-
nisms underlying stem cell self-
renewal, aging, and cancer.
REFERENCES
Fernandes, K.J., McKenzie, I.A., Mill, P.,
Smith, K.M., Akhavan, M., Barnabe Heider,
F., Biernaskie, J., Junek, A., Kobayashi,
N.R., Toma, J.G., et al. (2004). Nat. Cell Biol.
6, 1082 1093.
Flores, E.R., Sengupta, S., Miller, J.B., New
man, J.J., Bronson, R., Crowley, D., Yang,
A., Mckeon, F., and Jacks, T. (2005). Cancer
Cell 7, 363 373.
Keyes, W.M., Wu, Y., Vogel, H., Guo, X.,
Lowe, S.W., and Mills, A.A. (2005). Genes
Dev. 19, 1986 1999.
Lee, H., and Kimelman, D. (2002). Dev. Cell 2,
607 616.
Mills, A.A., Zheng, B., Wang, X.J., Vogel, H.,
Roop, D.R., and Bradley, A. (1999). Nature
398, 708 713.
Sharpless, N.E., and DePinho, R.A. (2007). Nat.
Rev. Mol. Cell Biol. 8, 703 713.
Su, X., Paris, M., Gi, Y.J., Tsai, K.Y., Cho, M.S., Lin,
Y.L., Biernaskie, J.A., Sinha, S., Prives, C., Pevny,
L.H., et al. (2009). Cell Stem Cell 5, this issue,
64 75.
Suh, E., Yang, A., Kettenbach, A., Bamberger, C.,
Michaelis, A.H., Zhu, Z., Elvin, J.A., Bronson,
R.T., Crum, C.P., and McKeon, F. (2006). Nature
444, 624 628.
Truong, A.B., Kretz, M., Ridky, T.W., Kimmel, R.,
and Khavari, P.A. (2006). Genes Dev. 20, 3185
3197.
Yang, A., Schweitzer, R., Sun, D., Kaghad, M.,
Walker, N., Bronson, R.T., Tabin, C., Sharpe, A.,
Caput, D., Crum, C., and McKeon, F. (1999).
Nature 398, 714 718.
Figure 1. TAp63 Is Crucial for Dermal and
Epidermal Stem Cell Maintenance
Diagram depicting where p63 isoforms function within the
epidermis and associated hair follicle. The TA and DN iso
forms of p63 are generated through differential promoter
usage and can be alternatively spliced to yield a, b, and
g variants. Both isoforms comprise a sequence specific
DNA binding domain and an oligomerization domain, but
TAp63 has an extensive transactivation domain and
DNp63 a more minimal one. DNp63 is expressed in the
basal layer of the epidermis and in the bulge. The studies
by Su et al. suggest that TAp63 is present in stem/progen
itor cells of the bulge, which can mobilize to promote
epidermal wound healing (arrow). Additionally, they show
that TAp63 is expressed in Skin derived Precursors
(SKPs) which reside in niches within the dermal papilla
and dermal sheath and support hair morphogenesis and
wound healing. Ablation of TAp63 in these compartments
results in cellular senescence and premature tissue aging.
Thus, TAp63 is critical for the maintenance of these
precursors, potentially through a direct role in inhibiting
stem cell self renewal.2 Cell Stem Cell 5, July 2, 2009 ª2009 Elsevier Inc.
